Background and Purpose-We investigated secular trends in the age of stroke onset and stroke incidence in a low-income population in rural China. Methods-The study population was recruited from a population-based stroke surveillance study conducted in a township in Tianjin, China, from 1992 to 2014. The trends in mean age and incidence of first-ever stroke were assessed by sex and stroke subtype. Risk factor surveys were conducted in the same population in both 1991 and 2011. Results-A total of 1053 patients experienced first-ever stroke from 1992 to 2014. The mean age of stroke onset in men significantly decreased by 0.28 years annually overall, by 0.56 years for intracerebral hemorrhage, and by 0.22 years for ischemic stroke (P<0.05). However, a similar trend was not observed in women. The age-standardized first-ever stroke incidence in the same population significantly increased across sex and stroke subtypes, increased by 6.3% overall, 5.5% for men, 7.9% for women, 4.6% for intracerebral hemorrhage, and 7.3% for ischemic stroke (P<0.05) during 1992 to 2014. Concurrently, the prevalence of hypertension, diabetes mellitus, obesity, current smoking, and alcohol consumption increased significantly in young and middle-aged adults from 1991 to 2011. Conclusions-The age of stroke onset tends to be younger among low-income population in China after the dramatic increased incidence of stroke during the gradual extension of life expectancy of population in China. These findings suggested that stroke burden will continue to increase in the long time, unless the risk factors in low-income populations are effectively controlled. (Stroke. 2016;47:929-935.
S
troke was the second most common cause of death and the third most common cause of disability-adjusted life years worldwide in 2010. 1, 2 The latest report showed that the agestandardized stroke incidence rates in low-income and middle-income countries exceeded those in high-income countries by 24% in people <75 years; moreover, the number of stroke incidents in low-income and middle-income countries was 3× greater than that in high-income countries, although the agestandardized incidence of stroke exhibited a nonsignificant increase in low-income and middle-income countries. 3 Stroke was the leading cause of death in rural areas and the third leading cause of death in urban areas in 2010. 4 In addition, several previous studies have indicated that stroke incidence has increased among urban residents in China over past decades. [5] [6] [7] However, the trends in age of stroke onset in China are unknown. In our previous study, we reported that the incidence of first-ever stroke from 1992 to 2012 sharply increased annually by 6.5% overall and increased by 12% among men aged 45 to 64 years in a Chinese low-income rural population. 8 Almost half of the Chinese population lives in rural areas; the reduction of stroke incidence in rural areas is thus crucial to reduce the burden of stroke in China. We aimed to explore the secular trends in age of first-ever stroke incidence in a Chinese low socioeconomic population along with the sharp increased stroke incidence and increasing life expectancy in China.
Methods
The study population was described in previous studies. 7, 9 Briefly, the study population was from the Tianjin Brain Study, a populationbased stroke surveillance study in a township in Tianjin, China, in 1985. The total population in 1985 was 15 438 people distributed within 18 administrative villages. We assessed the age trends in firstever stroke incidence from 1992 to 2014 because computed tomography was available since 1992.
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A first-ever stroke event was defined as the first occurrence (no history of stroke in prior medical records) of rapidly developing signs of focal neurological disturbance of presumed vascular pathogenesis lasting >24 hours. 10 Hemorrhagic stroke was defined as intracerebral hemorrhage (ICH) or subarachnoid hemorrhage; ischemic stroke (IS) was defined as thrombotic brain infarction, cardioembolic stroke, or lacunar infarct; and undetermined stroke was defined as stroke that could not be classified as any of the previous types. All patients were diagnosed as having fully clinical strokes, with significant clinical symptoms and signs. Subarachnoid hemorrhage and undetermined stroke were excluded because of low numbers. Transient ischemic attacks and silent strokes (diagnosed by imaging only) were excluded, but stroke cases with a history of transient ischemic attack were regarded as incident events. Patients with transient symptoms but with concurrent neuroimaging evidence of a brain infarction were considered stroke cases based on the tissue definition.
11
A stroke surveillance network was established in 1985, and the details are described in previous reports. 8, 9 Briefly, local licensed village doctors reported suspected stroke cases to physicians in the community health center within 24 hours of onset; the physicians then visited patients' homes to confirm stroke events within 72 hours for outpatients and obtained the medical record for inpatients after discharge. They reported the initial confirmed stroke events to neurologists in Tianjin Medical University General Hospital monthly. Finally, the neurologist identified possible stroke events by interview.
The risk factor survey was conducted in the same population in both 1991 and 2011. The detailed methods are described in a previous study. 12 The risk factors assessed included hypertension, diabetes mellitus, obesity, current smoking status, and alcohol consumption. Hypertension was defined as systolic blood pressure ≥140 mm Hg and diastolic blood pressure ≥90 mm Hg or use of antihypertension medication. Diabetes mellitus was defined as self-reported previous diabetes mellitus history or use of antidiabetic medications. Obesity was defined as body mass index ≥28 kg/m 2 ; body mass index was calculated as weight in kilograms divided by the square of height in meters. 13 Current smoking was defined as ≥1 cigarette/d for at least 1 year, and alcohol consumption was defined as ≥1 alcoholic drink weekly for at least 1 year.
The age-standardized incidence rates were calculated with the direct method using the world standard population.
14 Trends in age and age-standardized incidence of stroke were calculated from the annual change by sex and stroke subtype (ICH and IS) using a regression model: log(r t )=a+bt, where log denotes the natural logarithm and t is the year. The trend b was estimated from the ordinary regression, 3 where a represents the constant and b represents the estimated annual change of age. The differences in prevalence of risk factors between 1991 and 2011 were analyzed using the χ 2 test, and systolic blood pressure, diastolic blood pressure, and body mass index were compared between the 2 surveys using the Student's t test. Statistical significance was defined as P<0.05. SPSS version 15.0 for Windows (SPSS Inc, Chicago, IL) was used for the analyses.
The ethics committee of Tianjin Medical University General Hospital approved the study, and written informed consent was obtained from all residents during recruitment.
Results
A total of 1054 patients with a first-ever stroke were identified during 332 709 person-years of surveillance from 1992 to 2014; 630 (59.8%) cases occurred in men and 424 (40.2%) in women. The age at incidence of first-ever stroke was similar in men and in women (65.3 years versus 65.5 years) over the 23-year study period. Regarding stroke subtype, 23.6% of cases (23.8% in men and 23.5% in women) were ICH and 76.4% (76.2% in men and 76.7% in women) were IS. The proportion of diagnoses by neuroimaging was 78.3% overall, 77.6% in men, and 79.2% in women (Table 1) . Table 2 shows that the onset age of first-ever stroke decreased by 0.16 years annually overall (P=0.056); there was a statistically significant decrease (by 0.28 years; P=0.002) in men and no significant changed in women from 1992 to 2014. Simultaneously, the age-standardized incidence rate increased by 6.3% overall, 5.5% in men, and 7.9% in women (P<0.001). Nevertheless, although the age-standardized incidence of ICH and IS increased significantly both in men and in women, the onset age of first-ever stroke decreased by 0.55 years annually in men with ICH (P<0.001) and decreased by 0.21 years annually in men with IS (P=0.036); however, no statistically significant decrease was found in women across stroke subtypes.
Figure shows that the mean age of stroke onset decreased in this study population from 1992 to 2014, whereas the incidence of stroke increased in the same population, and the life expectancy in China gradually rose over the corresponding time period. 15 The ratio of stroke patients aged <65 years increased by 1.17% annually from 1992 to 2014 and by 1.32% from 1992 to 2011 overall (P<0.05); similar trends were observed in men, increasing by 1.67% from 1992 to 2014 (P<0.001) and by 1.77% from 1992 to 2011 (P=0.002; Table 3 ).
The prevalence of hypertension, diabetes mellitus, obesity, and alcohol consumption increased significantly from 1991 to 2011 (P<0.001). There was a 30% increase in hypertension, 48% increase in diabetes mellitus, 242% increase in obesity, and 395% increase in alcohol consumption; notably, the prevalence rates of risk factors in young and middle-aged people showed greater increases than those observed in elderly people. Of note, the prevalence of hypertension increased by 48% in those aged <45 years and by 33% in those aged 45 to 64 years; there was no change in patients aged ≥65 years. Similar trends were found in the prevalence of alcohol consumption. There were greater increases in the prevalence rates of diabetes mellitus and obesity among the elderly than among the young and middle-aged people; the prevalence of current smoking decreased over the past 2 decades, but a 58% increase was observed among those aged <45 years (Table 4) .
Discussion
This is the first report on the trends in onset age of first-ever stroke among a low socioeconomic population in China following report of the dramatic increase in the incidence of firstever stroke and life expectancy. Stroke incidence has substantially decreased in developed countries.
3,16 First-ever stroke incidence decreased by 29% in the Oxford Vascular Study between 1981 and 2004. 17 A 22% decrease in the age-standardized incidence rates of stroke was reported in an Asian population from 2006 to 2010. 18 However, several studies have shown that the incidence of first-ever stroke in young and middle-aged adults increased in different races over the last 2 decades. 19, 20 Authoritative statistics indicated that the mean age of people with stroke significantly increased from 73.9 years in 1990 to 74.5 years in 2010 in high-income countries and from 68.8 years in 1990 to 69.4 years in 2010 in low-income and middle-income countries. 3 Contrary to these previous studies, we found a dramatic increase in the incidence of first-ever stroke and a striking decrease in the mean age of stroke patients from 1992 to 2014 among a low-income population in China. The mean age of stroke onset decreased by 0.36 years annually for ICH; however, in men, the mean age of stroke onset significantly decreased by 0.28 years overall, by 0.55 years for ICH, and by 0.21 years for IS. The corresponding incidence of first-ever stroke increased annually by 6.3% overall, by 4.6% for ICH, and by 7.3% for IS; in men, the incidence of first-ever stroke increased annually by 5.5% overall, by 3.4% for ICH, and by 6.6% for IS; in women, the incidence of first-ever stroke increased annually by 7.9% overall, by 4.9% for ICH, and by 8.4% for IS. It is alarming that the mean age of stroke patients significantly decreased, whereas the incidence of stroke obviously increased in this low-income population, particularly when the life expectancy in China has increased. 
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According to previous research, the incidence of stroke in people aged <65 years constituted 35.6% of stroke cases in low-income and middle-income countries in 2010. 3 However, in this study, there was a higher proportion of stroke patients aged <65 years in 2014 (49.2% overall, 53.1% in men) compared with the WHO report. Moreover, a dramatic increasing trend was observed in men, and the proportion of stroke patients aged <65 years increased annually by 1.67% over the 23-year period.
The increased stroke incidence in young adults has been found to be associated with the rising prevalence of vascular risk factors, including hypertension, hypercholesterolemia, diabetes mellitus, obesity, current smoking, and alcohol abuse in this age group. 19, [21] [22] [23] In accordance with these findings, in the present study, the striking increased prevalence rates of hypertension, diabetes mellitus, obesity, current smoking, and alcohol consumption in young adults may have accounted for the decreased mean age of first-ever stroke onset in this population. Furthermore, the obvious increase in the prevalence of obesity (871%), smoking (25%), and alcohol consumption (125%) in men aged <45 years may contribute to the earlier age of first-ever stroke among young men in this low-income population. The lower frequency of neuroimaging utilization for elderly patients may contribute to an underestimation of stroke in this patient population, thus contributing to the younger age at stroke onset observed in this low-income population.
There were several limitations in this study. First, this was not a nationally representative population; this study was conducted in a township in northern China. However, stroke incidence has been monitored in this population for 23 years, which may reflect the secular trends of stroke in a specific population. Second, the number of strokes may be underestimated because some stroke victims may have died before seeking medical attention; in addition, there is no national registration of stroke incidents. However, the 3-level stroke surveillance network used in this study can overcome this situation because local licensed village doctors are the first medical professional to treat patients in rural China. Third, risk factors were only monitored twice during the study period. However, we conducted 2 surveys of risk factors in the same population from the same area. At least 100 000 person-years of observation during the 23-year study period fulfills the criteria for population studies and follows the guidelines for a Figure. Trends in age of stroke onset after the incidence from 1992 to 2014. The mean age of stroke onset decreased in this study population from 1992 to 2014, whereas the incidence of stroke increased in the same population, and the life expectancy in China gradually rose over the corresponding time period. by guest on July 23, 2017 http://stroke.ahajournals.org/ Downloaded from stroke incidence study. 24 Finally, in this study, the frequency of neuroimaging utilized was relatively low, especially early in the study period. However, we assessed the trends of age and incidence of symptomatic stroke in this study, and all stroke events were verified by a senior neurologist from Tianjin Medical University General Hospital. Thus, the limited utilization of neuroimaging would not increase the numbers of false-positive cases of stroke overall, but may affect data on stroke subtypes. This is the first report of trends in the mean age of stroke onset and a dramatic increase in incidence of first-ever stroke among a low-income population after increased life expectancy in China. We found that the mean age of stroke onset significantly decreased after the increased incidence of firstever stroke; this was particularly noted in men, as the mean age for both ICH and IS were significantly decreased. The remarkable increasing prevalence of hypertension, smoking, and alcohol consumption in young adults may explain the younger-age trend in stroke incidence in this population. These findings suggested that stroke burden will continue to increase in the long time, unless the risk factors in low-income populations are effectively controlled. 
